A238 793

U

\\II*I\\\N\\Ill\‘\I\\I\\\.ll..l\!\,!l\\\\ﬂ\

ECURITY CLA
e

reruUKl UUCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

1a REPORT SECURITY CLASSIFICATION
U

1b. RESTRICTIVE MARKINGS
NA

2a. SECURITY CLASSIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE
NA

Distribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

NA

5. MONITORING ORGANIZATION REPORT NUMBER(S)

NA

6b. OFFICE SYMBOL
(If applicable)

NA

6a. NAME OF PERFORMING ORGANIZATION
University of California
Santa Barbara - Marine
Science Institute

7a. NAME OF MONITORING ORGANIZATION

Office of Naval Research

6c. ADDRESS (Clg/ State, and ZiP Code)
Marine Science Institute

University of California
Santa Barbara, CA 93106

7b. ADDRESS (City, State, and 2P Code)

800 N. ‘Quincy St.
Arlington, VA 22217-5000

8b. OFFICE SYMBOL
(if applicable)

ONR

8a. NAME OF FUNDING /SPONSORING
ORGANIZATION

Office of Nzval Research

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

NO0Q14-88-K-0440

8¢c. ADDRESS (City, Sta.e, and ZIP Code)

10. SOURCE OF FUNDING NUMBERS

800 N. Quincy S:. PROGRAM PROJECT TASK WORK UNIT
Arlington, VA 22217-5C00 ELEMENT NO NO. NO ACCESSION NO
61153N R0O04106 4412045

11. TITLE (Include Security Classification)

(U) An Amoeba/Zoozanthellae Consortium as a

Model System for Animal/Algal Symbiosis

12. PERSONAL # HOR(S)
Polne~Fuller, Miriam; R. Trench; A. Gib

or

13a. TYPE OF REPORT *3b TIME COVERED

Figal FROM _6/88 10 5/91

15 PAGE COUNT
2

14. DATE OF REPORT (Year, Month, Day)
1991 June 18

16 SUPPLEMENTARY NOTATION

None
17 — COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and dentify by block number)
FIELD GROUP SU8-GROUP v;:L consortium; food vacuoles; lectins; perialgal vacuoles;
Q6 Q3 selective uptake; selective retenticn; translocation,
N A4 0 Alr,ﬁ';,\,)“"‘f L yrey

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

\
We have been studying animal/plant symbiosis using a model
system of a single cell animal, the amoeba Trichosphaerium, and a

unicellular plant, the symbiotic

dinoflagellate Symbiodinium.

We have cultured the two partners as a consortium as well as

independe.tly.

We have been describing the life history of the

newly isglated.and poorly known amoeba, and investigating its
interactions with several species of these symbiotic

dinoflagellates.

(Continued on reverse)

20 DISTRIBUTION / AVAILABILITY OF ABSTRACT

B UNCLASSIFIED/AUNLIMITED (O SAME aS RPT J DTIC USERS

21 ABSTRACT SECURITY CLASSIFICATION
Y

22a. NAME OF RESPONSIBLE INDIVIDUAL
diclieel T. Marron

OFFICE SYMBOL
ONR,

22b TELEPHONE (include Ared Code) | 22¢

(202) 696~4760

DD Form 1473, JUN 86
S/N 0102-LF-0

Previous editions are obsolete.

SECLRITT D Asyr ICATION DF THIS pACGE

U

14-6603




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DC NOT
REPRODUCE LEGIBLY.




U
SECURITY CLASSIFICATION OF THIS PAGE

Our major conclusions to date are:
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ranging in size from about 30-300 microns. This main
morphological stage (Morph-1) is capable of creating the
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in the genus Symbiodinium. One group of Symbiodinium species
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cell. Another Symbiodinium species was toxic when phagocytosed.
A third group was bharely phagocytosed and mostly avoided, and the
fourth group created symbiosis with amoebae which stuffed
themselves full of these algae.

3. The amoebae do not only recognize the different algae but also
replace less desirable algae already in their cytoplasm with more
desirable (digestible and not toxic) species within 15 hours.

4. Two cytoplasmic vacuoles were distinguishible by differential
lectin staining in the amoeba. Food vacuoles containing bacteria
bound a variety of lectins while the membranes of perialgal
vacuoles containing undigested symbiotic algae did not.

5. Like a true symbiont, the algae transferred photosynthetic
metabolites to the amoebae and divided inside the cytoplasnm.

6. Low maintenance - Long term cultures of the consortium
have existed in culture as a closed system for over four years.

7. The selective digestion by the amoeba enabled the
establishment of axenic cultures of the nondigestible algae.
Contaminating microorganisms were eliminated by being digested
while the intact non-dcgestible algal cells florished and were
subsequently isolated and cultured axenically.

8. Enzymatic digestion of the algal surfaces by proteolytic
enzymes, or coating them with lectins, darmatically changed the
uptake rates and, in some cases, the speed of digestion indicating
involvement of cell wall surfaces in the initial recognition

stage and consortium formation.
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June 17, 1991

A FINAL REPORT FOR THE PROJECT "SYMBIOTIC INTERACTIONS BETWEEN
THE MARINE AMOEBA TRICHOSPHAERIUM AM-I-7 AND SPECIES OF THE
SYMBIOTIC DINOFLAGELLATE SYMBIODINIUM".

Miriam Polne~Fuller, Robert Trench, and Aharon Gibor
Marine Biotechnology Center, and Marine Science Institute,
University of California Santa Barbara, CA 93106

ABSTRACT

The large and multinucleated marine amoeba Trichosphaerium-
I-7, and some species of the dinoflagellate Symbiodinium were
used as a model system for animal/plant symbiotic interactions.
These two unicllular partners which can be independently
cultured, existed as a no-maintenance closed system for over four
years. The amoebae actively phagocytosed the algae which were
packed intact in amoebal cytoplasmic vacuoles within 1-5 days
after infection. The amoebae received photosynthetic metabolites
from the algae which helped maintain the animal cells at low
division rates. Both partners were capable of being cultured
independently when isolated from the consortium. The amoebal
cytoplasm was packed with the algal cells some in groups of as
many as 5 intact cells but mostly in single algal compartments.
Dividing algal cells were observed in TEM sections, as were few
dead cells. The amoebae were capable of digesting broken algal
cells and wall preparations, as well as killed or coated algae.
The recognition and uptake of the algae by the amoebae were
grossely effected by enzymatic digestion and lectin treatments of
the algal surfaces. The chemical nature of the changes on the
algal surfaces which effect uptake is yet to be determined. This
unique symbiotic interactions between the unicellular animals and
unicellular plant cells is being persued for further
investigations of the methods of communication between the
interacting organisms.




We have been studying animal/plant symbiosis using a model
system of a single cell animal, the amoeba Trichosphaerium, and
a unicellular plant, the symbiotic dinoflagellate Symbiodinium.

Over the last three years we have cultured the two partners
as a coiisortium as well as independently. We have been
describing the life history of the newly isolated and poorly
known amoeba, and investigating its interactions with several
species of these symbiotic dinoflagellates.

Our major conclusions to date are:

1. The amoebal life history is composed of six distinct
morphological forms 211 of which cycle around a multinucleated
stage ranging in size from about 30 to over 200 microns. This
main morphological stage (Morph~I, please see figures and diagram
in manuscript Appendix I) is also the one capable of creating the
consortium with the Symbiodinium (Polne-Fuller et al. Fig.17
Appendix I). Two of the transitions between the different forms
depends on culture conditions and can be easily induced, these
are the transitions between Morph~I and Morph-II and back to
Morph-I; and between Morph-I and Morph-III and back to Morph-I.
The others occure occasionally in cultures and the conditions for
their inductions are under investigation.

Trichosphaerium spends most of its life in Morph-I as it grows from
20um up to over 200um in diameter. The cells feed actively and
divide about once a day via binary fission. These originally
colorless cells engulf Symbiodinium cells and become plump full

and deep orange-~brown. Such consortia maintained themselves for
several years without media change.

2. The amoebae recognize and differentiate four groups of algae in
the genus Symbiodinium. One group of Symbiodinium species were
digested by the amoeba with no ill effects to the animal cell. They
also digest well a large variety of non-symbiotic dinoflagellates
such as Gonyaulax, Peridinium, and Gymnodinium. Another
Symbiodinium species was toxic when phagocytosed. A third group was
barely phagocytosed and mostly avoided, and the fourth group of
algae created a consortium filling the cytoplasm of the animal
cell. The ability of the amoebae to interact differently with

the different algae which supposedly belong to one genus presents

a system in which one can study the differences between these
algae. Especially the roll of surface component(s) in the
recognition phenomenon.

3. The amoebae do not only recognize the different algae but also
replace less desirable algae in their cytoplasm with more
des..able (digestible and not toxic) species within less that 15
hours. The exchange of the perialagal/fnod vacuole content
occured yardaally as amoebae full of sywplotic algae procceeded
to engulf newly introduced digestible cells of Chlamydomonas or
yeast, and simultaniously released the symbiotic dinoflagellates.




The released Symbiodinium was phagocytosed again three weeks
later when the digestible algae were consumed and if no other
digestible food was made available. In opposite experiments
amoebae well fed on Chlamydomcnas were exposed to Symbiodinium it
became obvious that the exchange of the vacuoles content was
controlled. Only minimal numbers of non-digestible algae were
taken up by the fed amoebae who ignored the Symbiodinium as long
as edible food source was made available (in preparation, paper
#5).

4. Two cytorplasmic vacuoles were distinguishable by differentiai
lectin staining in the amoeba. Food vacuoles ~ontaining bacteria
bound a variety of lectins while the membranes of perialgal
vacuoles containing undigested symbiotic algae did not. The
possible existance of two different types of cytoplasmic vacuoels
needs to be further characterized (Rogerson et al. Appendix II,
in print).

5. Like a true symbicnt, the algae transferred photosynthetic
metabolites to the amoebae and divided inside the cytoplasm
(Rogerson et 21. 1989). The amoebae collected at least 12% of
the fixed radioactive bicarbonate, the algae maintained about 60%
of the lable in them and the rest 28% was lost. The missing
radioactivity could have been lost to gaseous CO2 or to release
content of food vacuoles as the cells divided (multiple fission)
during the preparation of the consortia for counting (Rogerson et
al. 1989 Appendix III).

6. The algae supported low maintenance - long term cultures, of

the consortium which have existed in culture as a closed system for
over four years. In such selfsuffecient amoeba+algae cultures the
algae were present inside and out cf the amoebae. Many algae in
the cytoplam were in various division stages, and over 99% of the
algae were intact and viable and culturable upon release (in
perparation, paper #6).

7. As a result of the selective digestion the amoeba were useful
for establishing axenic cultures of the nondigestible algal
clones. Digestible contaminating microorganisms were eliminated
while the intact algal cells were isolated and cultured
axenically (Polne-Fuller 1991, Appendix IV, in print).

8. Enzymatic digestion of the algal surfaces, or coating them
with lectins, daramatically changed the uptake rates and in some
cases the speed of digestion indicating involvement of cell
surfaces in the initial recognition stage of consortium formation
(Polne-Fuller and Gibor, in preparation, paper #7).

9. Over 90% of the algae in the amoebal cytoplasms were intact as
observed in light and electron microscopy. Over 98% of the algae
developed colonies when released from the amoebal cytoplasm. The
induction of multiple fission is a useful methcods for separating
between the amcepae and their symbionts, and results in viable
populations of algae and amoebae. The morphology of the amoebae
releasing their symbionts was transformed from Morph-I into the




uniform populations of 20um flat and fan-like Morph-II (Appendix
I). Most of these small amoebae were not capable of taking up
Symbiodinium cells and starved to death when edible food source
was not made available. However, occasionally cells of Morph-II
amoebae did engulf algae and survived on Symbiodinium alone
creating consortia of one small amoeba containing 1-4 intact
algal cells. The biology of the phenomenon of multiple fission
and its relations to the amoebal ability to take up algae is
under investigation (in preparation, paper #8).

Patents:

The nature of this project studying cellular recognition and
symbiosis did not lend itself to patents so far.

During a meeting with the ONR patent lawyer earlier this year a
request was made to check the possiblity for a patent filing for
a unige "RECOGNITION" system. During a conversation with the
University of Califronia patent officer Dr. Annie Yau-Young it
was concluded that at this time we do not have an approperiate
patent material. It was suggested that a disclosure may be
possibly filed if future data indicates a unique nature of this
system of recognition.
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MORPHOLOGICAL FORMS
IN THE LIFE HISTORY OF THE TESTATE AMOEBA
TRICHOSPHAERIUM AM~I-~7

M. Polne-Fuller, L. Drake, J. Gibson, & A. Gibox
Marine Science Institute & Biological Sciences
Tniversity of Califormnia, Santa Barbara CA 93106

Key Words: Giant amoebae, marine amoceba, mini amocebae,
morphology, multiple fission, Trichosphaerium.




\.CT -
Six major -ell morpholdgicl /forms océtfjg)in cloned cultures

of the large marine amoeba Trichosphaerium Am-I-7. Morphology-I

(Morph-I): The most "common" cells - about 40-250 microns ir

diameter, multinucleated, reproduced by binary fission.

Morphology-II: Fan-like cells - 15-20 microns in diameter, 2-5

nuclei per cel ., resulted from multiple fission of Morph-~I cells.
Morphology-ITII: Giants -~ 300-2000 microns, multinucleated,
resulted from fusion of cells ¢f Morpn-I. Morphology-IV: Minies =~
about 5 microns long, uninucleated, resulted from extensive
multiple fission of Morph-I cells. Morphology-v: Minigiants -
15-40 micvons, complex net-like morphology resulted from fussion
of mini ocells. Morphology-VI: Clygterns - 30-40 microns round
cells origimted from Morph-I, and usually attached to each other
forming "grape-like" clusteres. The aifferent morphologies

~

appeared to be stages in the life history of this testate amoeba.
The two small forms (Morph-II and IV) eaexisted in <§Z; hronous
populations which had uniform number of nuclei and cell size. The
othar four morphLologies were less uniform in size and number of
nuclei, yet had distinct morpholoqicél characteristics. No sexual

interactions (gamon stage) were confirmed, although intsracting

pairs of Morph-I c¢:lls, and mixing of cytoplasms were observed.




INTRODUCTION

The large multinucleated marine amoeba Trichosphaerium Am-I7

is a testate rhizopod that feeds on seaweeds (Polne-Fuller 1985).
The genus is wide spread geographically and has been isolated
from sand samples, debris, and seaweeds, from southern Brazil,
northern and southern Australia, Hawaii, and California, by the
authors, and from eastern USA (Spoon 1988) and Europe (Rogerson
et al. 1989). Due to the limite published information availble
on this genus, and the lack of studies in pure cultures, its life

history remains partially unknown.

Trichosphaerium Am-I-7 has been cultured continuously in our

laboratory since its isolation in the summer of 1985 (Polne-
Fuller 1987). Over the years the species was re-isolated from
local beaches, and several independent cell lines have been

cloned and cultured.

The information presented here accumulated through culture
work of these, cloned and cleaned, isolates under various culture
conditions. We report of previously unknown morphological forms
of +this organism and their place in its life history. We also
raise further questions which require further experimentation

before a complete life history can be presented.




MATERIAL AND METHODS

The large, multinucleated marine amoeba Trichosphaerium Am-

I-7 was isolated from live tissues of the brown seaweed Sargassum
muticum (Polne-Fuller 1985). Single cells were isolated, cloned,
and cultured on yeast, unicellular algae, or seaweeds, in sterile
seawater (Polne-Fuller 1985).

Experimentation and observations of the different
morphologies were made in flat plastic tissue-culture flasks or
plastic perti dishes on an inverted microscope. For high
resolution observations samples were transferred ontoc jylass or
depression slides and sealed with silicon grease. Four periodic
feeding patterns were established. 1. Cultures were fed once a

week on autoclaved unicellular algae such as Chlamydomonas or

Gonyaulax. 2. Cultures were fed twice a month on autoclaved Bruer
yeast. 3. Cultures were fed once every two months on Kkelp or
other seaweeds. 4. Cultures did not need external feeding when
co-cultured with live marine unicellular algae such as Chlorella,

Dunaliella, or symbiotic dinoflagellates. The cultures were

observed on a daily or weekly basis as required.

Observations of the different morphologies were described
and recorded photographically during routine maintenance of the
cultures. Specific experiments were performed to confirm these
observations and to induce specifié morphological stages.
Morphology-I -~ "Common" 2p cells (Fig. 1-3):

Cells of Morph-I were maintained as the common starting
cultures for all experiments. They reproduced via binary fission
(2P = 2 progeny) and were harvested as the food source was nearly

depleted and the amoebae attached to the bottom of the culture




vessel.
Synchronized Morphology-II - Xp cells (Fig. 4-6):

To induce multiple fission, actively growing cultures of
Morph-I were rinsed well in clean seawater. Observations before
rinsing assured that the amoebae were well attached to the bottom
of the culture vessle. If When too many cells were loose,
vigorous shaking of the culture, followed by a 10 minutes of
stationary settling, induced attachment. When large food
particles loaded with amoebae were present, the particles were
allowed to sink to the bottom of the culture flask and the top
ligquid carefully discarded. Such repeated rinsing diluted the
medium sufficently to induce multiple fission as described below.
Recently fed cells, with full food vacuoles, had to be rinsed
about every 2-3 hours as they released the content of their food
vacuoles. Additional rinses followed as needed to remove the

freshly released, partially digested, food.

Morphology~III - Giants (Fig 7-8):

Giant amocebae formed when high densities of Morph-I cells
were present. To induce giant formation, large numbers of Morph-
I cells were placed in filter sterilized, "used" medium from well
established amoeba cultures. This medium was saturated with
water soluble food extracts and did not induce multiple fission.

The dense cell populations were measured daily and their changing

morphologies recorded.




Morphology-IV - Minies (Fig. 9-11):

Minies were observed occasionally in Morph-I cultures. Singl
cell isolation of minies was facilitated by finely pulled glass
capillaries. 1Isolated single mini cells, and groups of these
cells were cultured in 8-well microscopic slides (Falcon...) as
well as in tissue cultures flasks. The cells were fed either

yeast or ground Macrocystis. The cultures were observed daily for

two weeks.

Morphology-V - Minigiants (Fig. 12):
Minigiants were observed in dense cultures of Morph-IV mini-

cells. These were observed microscopically and documented

photographically.

Morphology-VI - Clusters (Fig. 13) :

Clusters of cells were observed occasionally in "old" and

possibly starved Morphology-I cultures.

Preparation of food sources:

Brewer’s yeast:
Dry Brewer’s yeast was autocalved in screw-cap, glass test

tubes. For routine culture, the autoclaved, caked yeast was
dissociated into loose powder and about 100mg was disturbuted
into the culture flasks of 50 cm2 attachment surface. In
quantitative feeding experiments, 100mg of autoclaved yeast
powder was ground in 1 ml of sea water. The suspension was
brought up to 100 ml sea water, and uniform amounts of suspension

were added to the cultures (1 ml per 10ml culture medium).

Seaweeds:




Seaweeds were either dried and ground into fine powder in a
mill (Polne-Fuller 1985, Polne-Fuller et al. 1989) or blended in
an Hamilton blender, with Nanopure fresh water. Maceration of
the tissues to about 200 micron pieces or smaller was carried out
in a fine homogenizer. The powder, or the wet macerated tissues
were autoclaved five times in fresh Nanopure water, to remove
water soluble matter. The washed scaweeds were autoclaved two
more times in seawater and divided into 20 ml screw cap glass
test tubes. Each tube was 2/3 filled with seaweeds and sea water
(1:1) and autoclaved (20 minutes, 120°¢, 250 psi).

Nuclear staining:

For staining the nuclei, cells were allowed to attach and
strech on a flat surface for about 15 minutes. The attached cells
were fixed with 1:3 acetic acid/alcohol. DAPI or Hochest
(refs...) dissolved in Nanopure water were added (lug/ml) and the
amoebae were observed under a fluorescent microscope. Nuclear
stains penetrated fixed cells easily and brightly stained the
nuclei within 1less than 5 minutes. Quick vital staining with
Hochest was performed in sea water. This dye was allowed to
penetrate stretched live cells for 15 minutes before
observations.

Low concentrations of DAPI, Hochest, and Acridine Orange,
were also used successfully as vital dyes. Hoéhest was used at
10mg/ml, DAPI at 0.1mg/ml, and acridine orange at 0.0lmg/ml. All

three stains were added to the cultures one week before <the

experiments.




Time-lapse photography:

Motion of amoebae and their feeding habits were observed
through a time-lapes photographic system. A Mitchubishi Time-
lapse recorder and a Mitchubishi color movie camera were used.
Exposures were taken three times a minute and observed at real

time.




RESULTS AND DISCUSSION

Observations over five years of culture and a wide range of
experimentations revealed six distinguishable morphologies of
Trichosphaerium Am-I-7. These morphologies were related to the
growth and the life history stages of the cultured amoebae.

The order in which the following morphologies were presented
is somewhat arbitrary. The selection of "Morphology~I" as the
first to be numbered was due to its being the dominant cell form
in growing cultures and the most common morphology from which

other formes differentiated.

Morphology-I - 2p cells:

These cells divided by binary fission, each mother cell
producing two similar progeny which were not always identical in
size. Morph~I was previously documented and published as the

normal Trichosphaerium morphology (Angell 1976) which were

usually found in field samples.

Cell sizes of this morphological form ranged from 30 to over
250 microns, and contained 10 to over 270 nuclei, where larger
cells contained a larger number of nuclei. Attached cells became
flater and 1larger as they stretched on the substrate. Wide
lobopodia were actively extended constantly changing the
morphology of the amoeboid cell. Filipodia were forming, slowly
appearing and disappearing, and their numbers increased in the
direction of motion. Detached cells became round and their
filipodia were extended into the surrounding medium in all
directions, thereby, holding the cells above the substrate.

Movement of detached cells was performed by shifting cell weight




from filipodia which were in contact with the substrate to newly
extended ones. This type of motility lasted about 10-15 minutes
until the cells re-attached and flattened. A few cells attached
as soon as 2 minites after stationary conditions, while the
majority of the cells required about 15 minutes to establish
stable attachment.

Active cytopiasmic streaming was observed on time-lapse
recordings. Cytoplasmic activity was a good indication of cell
viability at all morphological stages. Another useful indication
of wviability was the close contact of the test to the cytoplasm.
Swelling of the tests was always an indication of 1ill health,
although at times a rinse with clean sea water reversed the
condition and saved the cells from death.

On two isolated occasions pairs of Morph-I cells were
observed in otherwise regqular cultures (Fig. 16). The pairs
remained in contact for at least nine hours, and disappeared by
the next day. The function of this distinct and uncommon pairing
formation was not determined, although interactions between cells
in less distinct formations was common.

Another uncommon morphology which was found occasionally in
Morph-I cultures was amoebae containing smaller, intact, amoebae
inside their cytoplasmic vacuoles. The smaller amoebae were alive
and their filipodia extended and active. The interaction between
the large containing cell and the smaller contained amoebae was
either an uncommon vegetative propagation, possibly leading to
morphology 1V (see below), or a case of larger cells preying on
smaller cells. Preying-like activities were observed on several

occasions in both naked Trichosphaerium and spicuoled species.
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Morphology-II - Xp cells (Fig. 4-6):

Cells of Morph-I1I were termed XP cells expressing the variable
number (X) of Progeny which they produced through their multiple
fission.

Induction of multiple fission was reliable and simple to
perform, although it biochmical process is not understood. The
phenomenon can be reliablly induced by rinsing Morph-I cells with
clean sea water. It is not clear whether the induction of this
multiple fission involved a removal of an inhibitory factor(s) or
an introduction of an inducer(s). Extensive dilution of Mused"”
medium and its replacement with sea water was the most reliable
way for inducing XP, however, at times stresses of other kined
also resulted in multiple fission. An examples was a two hour
gentlse but constant shaking of cultures during travel, which
resulted in an XP population. In contrast, similar shaking on a
rotary shaker at room temperature in the laboratory did not
induce multiple fission. On several occasions, starved cultures
also contained as many as 50% XP cells however, their neighboring
cells remained in Morph-I.

Multiple fission was inhibited by yeast, seaweed cell
extracts, the content of amoebae food vacuoles, as well as by
highly concentrated sugar solutions.

Cells of this morphology were uniform in size (20 micronsj),
fan-like, with a denser cytoplasm area ocuping half of the cell
and a clear fan-like lobopodium extended at the direction of
motion. Filipodia were not common in these small cells, although

they were seen extended from the lobopodium occasiocnally.
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Detached Xp cells became round and extended filipodia +to the
medium as did the Morph-I cells.

Xp cells contained 1-3 nuclei (rarely one) all present in the
dense cytoplasmic area. The cells started feeding 1-3 days after
their division and developed into Morph-I cells within one week.
Single isolated XP cells were cultured to determine whether each
can develop independently into Morph-I. All 50 isolates developed
into normal Morph-I amcebae indocating that these are not a

sexual gamont stage.

Morpholeogy-III - Giants:

Giant amoebae formed when large densities of Morph-I cells
were present. They reached sizes of as large as 3000 microns and
their nuclear numbers were tbo large to count (over 1000).
Giants existed in stretched morphologies as well as large solid
patches (Figs. 7,8). Many were pale indicating inactive feeding.
To induce giant formation, large numbers of Morph-I cells were
concentrated in culture flasks or petri dishes. This procedure
had to be performed in "used" medium, saturated with water
soluble food extracts, to avoid induction of multiple fission.

Patches of giant amoebae were formed within 2-4 days after
transfer to dense cultures. The giants were formed by
aggragations of Morph-I "common "amoebae which fused their tests
and cell membranes. Mixing of two live populations of amoebae,
one with nuclei stained by DAPI and the other by light acridine
orange, indicated that the nuclei of giant cells streamed into

neighboring cytoplasm through the first narrow bridges which were
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formed. This exchange of cytoplasm occured even befcre the tests
and cell membranes completed their fusion. Cytoplasmic exchanges
were commonly seen among the many cells forming the giants,
however, single Morph-I cells which were in contact with only one
other cell of the same morphology, were also likely to exchange
cytoplasm in densely populated cultures.

Giants lasted for about one week and then seperated back into
Morph-I cells. Similar interactions of bridge formation, mixing
of cytoplasms, and re-separation occured in dense population of

Morph-I cells even if giants were not formed.

Morphology-IV - Minies:
Minies were the smallest size cells which were observed in the

l1ife history of Trichosphaerium~I-7. They were about 5 micron

long (Fig. 10), uninucleated, and emmerged in large numbers from
the tests of morphology I cells (Fig 11). Induction of minies in
the laboratory was not reliable although they appeared in well
fed cultures and more frequently in starved ones. The cytoplasm
of minies was smooth and uniform, and did not produce lobopodia
or filipodia. Their common pattern of motion resembled that of a
large spiral bacterium with occasional amoeboid movement as the
cell changed its direction of travel.

Twenty five samll groups of minies (5~12 amoebae in each
group) were isolated and cultured. All of these grew back into
"common®” amoebae of morphology I. However, only two of twenty
five single isolated minies developed into morphology I amoebae
while the other twenty three lived for about a week, did not

feed, and died. The chance of having two mini amoebae tranferred
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together or two cells which fused before they were transferred is
not impossible. Therefore, it is not clear whether isolated,

single minies of Trichosphaerium are capable of growing into

morphology I amoebae, or whether they may be a gamont form

requiring a mate.

Morphology-V - Minigiants:

Minigiant amoebae were observed in dense cultures of morph-
IV minies (Fig. 12). They were never intentionally induced nor
where they observed to develop into morph-I amoebae. However,
minigiants were observed at length by microscopy and time-lapse
photography. Their migration out of the mother cell’s test lasted
about 24 hours, and their agregation into minigiants, an active
migration and fusion, occured with in 3-5 days after mini
formation. Minis existed in a variety of sizes, from single cells
(3-5 micron long) to 2 or more fused cells (7-15 micron), and up
to the minigiants, a reticulate form of up to 40 microns in
diameter. Since small groups of minies regenerated into morph-I.
Since minigiants were also aggregates of mini cells, it is likely
that minigiants may also be able to grow into the "common" morph-

I form.

Morphology VI - Clusters:

Clusters were observed occasionally in older, starved,
morph-I cultures with hig